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osting by EAbstract Kalabsha area is known to be the most seismo-active zone at the southwestern region of
the Aswan High Dam, in southern Egypt. The main purpose of this work is the analysis and inter-
pretation of satellite imagery, aeromagnetic and ground gravity data of Kalabsha area in order to
reveal the subsurface lithology and structure. The Landsat ETM+ data were produced in a false-
color composite image (bands 1, 2 and 3 in RGB) at the same scale as the geological map in order to
reveal some extra geological and structural features.
An attempt has been made to analyse the complex nature of gravity and magnetic anomalies over
the Kalabsha area to reveal their relationship with surface geology, structure and tectonics setting.
These analyses include isolation of anomalies into regional and residual components using the
band-pass ﬁlter, second vertical derivatives (SVD), upward continuation, and shadowgrams tech-
nique. It was noticed that, there is close correlation between gravity, magnetic and many of the
major surface geological features of the region. The basement structural map of Kalabsha area
has been prepared from the integration of SVD of regional component maps of both gravity and
magnetic.(A.A. Khamies), eltarrasmam
or Remote Sensing and Space
evier B.V. All rights reserved.
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Figure 1 Location map o
44 A.A. Khamies, M.M. El-TarrasThe interpretation of the basement tectonic map of the area indicated the presence of two sets of
faults NNW–SSE to N–S which is dissected by an E–W to WNW–ESE fault system. These two sets
of fault systems as deduced from the gravity and aeromagnetic data were found to match well with
that obtained from the Landsat image and geological map.
 2010 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The present work deals with the analysis of aeromagnetic and
gravity data in Kalabsha area located between Latitudes
23250N & 24000N and Longitudes 32230E & 32470E, South
Western Desert of Egypt (Fig. 1), to reveal the subsurface
structure controlling the morphology of this area. An earth-
quake of magnitude 5.3 (Ms) took place on November 14 th
1981 along the most active part of the E–W Kalabsha fault
beneath the Kalabsha bay; the largest bay of High Dam
Lake.
It was followed by a tremendous number of smaller events
that continued for some years (Fat-Helbary, 2002). Their epi-
centers were found to cluster around active faults in Kalabsha
area near the lake.
During the past three decades, extensive geophysical studies
over the Kalabsha area have been carried out to understand the
structural stability (Kebeasy et al., 1982; Idriss et al., 1985;
Simpson, 1986; Kebeasy et al., 1987; Simpson et al., 1987;
EI-Difrawy, 1988; Fat-Helbary, 1989; Vyskocie et al., 1989;
Simpson et al., 1989; Kebeasy and Gharib, 1991; Ali,
1992; Kebeasy et al., 1992; Awad, 1994; Mekkawi et al.,
1982, 2005). These include detailed studies using gravity
(Abdelrahman et al., 1991; Tealeb et al., 1991), etc. and other
geophysical data. The present study is mainly aimed at the
analysis and interpretation of the Landsat ETM+ images,
Bouguer anomaly and aeromagnetic maps of the Kalabsha
area in order to reveal its subsurface structure.f Kalabsha area.2. Geology of the area
In the study area, the Nile follows the contact between the ex-
posed basement granite of the Eastern Desert to the east, and
the sedimentary cover of the Nubian Sandstone to the west
(Fig. 2). The Nubia Sandstone is ﬂat-lying, relatively unde-
formed and gently dipping westward while it ranges in thick-
ness from 250 to 400 m (WCC, 1985a). Structurally, the
region is cut by a conjugate set of E–W and N–S faults
(Fig. 2), which appears to be vertical and extends into the gra-
nitic basement. The tectonic characteristics of study area indi-
cate that this area is dominated by two sets of fault systems
and regional uplift. The faults trend approximately in the E–
W and N–S directions. The Kalabsha fault trends E–W and
cuts a limestone formation, known as Gebel Marawa, which
is a remnant outcrop of a plateau that has receded to the west
and now forms the Sinn E1-Kaddab scarp. This scarp rises
abruptly above a broad plain of Nubian Sandstone (Awad
and Mizoue, 1995).
The recent tectonic history of the area is complex and
mainly controlled by faults. West of Nasser Lake, the Western
Desert fault system includes two major fault trends, N–S andFigure 2 Simpliﬁed geological map of Kalabsha area, South
Western Desert, Egypt (after Issawi, 1978).
Figure 4 Landsat ETM+ image of Kalabsha area, South
Western Desert, Egypt.
Surface and subsurface structures 45E–W (Issawi, 1969, 1978). These faults offset post Upper
Cretaceous sedimentary rocks (Nubian Sandstone). It may
be judged from their trends and positions that they are associ-
ated with the uplift of the Eastern Desert basement known to
be post Lower Pre-Middle Eocene (Said, 1962). These faults
(Kalabsha, Seiyal, Gebel El-Barqa, Kurkur, Khour El-Ramla,
Abu Derwia and Gazal faults) are of right-lateral strike slip
nature. Several other faults having generally East–West trend
were mapped in this area (Issawi, 1969) but they are of a lesser
extent, cutting mainly through sandstone beds. Moreover,
many small faults have trends oblique to the two fault systems
in the area. Woodward–Clyde Consultants (WCC, 1985b)
evaluated the fault system in the Kalabsha area and report that
the Western Desert fault system consists of a set of E–W faults
that exhibit right-lateral slip displacement, and a set of N–S
faults that exhibit left-lateral slip displacement. The east–west
faults are longer, have a greater degree of activity in the Qua-
ternary, and have larger total displacements (about 0.03 mm
per year) than the north–south faults 0.01–0.02 mm per year
(Kebeasy et al., 1992).
According to Awad and Kwiatek (2005) the geologically
well-identiﬁed fault trends in the area (Fig. 2) are as follows.
(1) The Kalabsha fault: this fault crosses the Nubian plain
along Gebel Marawa over 300 km distance and is dominated
by a right-lateral slip. The base of Gebel Marawa is affected
by the Kalabsha fault along which beds are steeply inclined.
(2) The Seyail fault: it is extended sub-parallel to and approx-
imately 12 km north of the Kalabsha fault. Its length is about
90 km associated with a right-lateral slip displacement. (3) The
Kurkur fault: it is about 44 km long in the north–south direc-
tion and its northern end is very near the Aswan High Dam. ItFigure 3 Principal component of Landsat ETM+ image of
Kalabsha area, South Western Desert, Egypt.
Figure 5 Interpreted geological map of Kalabsha area, South
Western Desert, Egypt.
46 A.A. Khamies, M.M. El-Tarrasis dominated by a left-lateral slip. This fault is associated with
small folds and steeply dipping beds (Issawi, 1978). In some
portions, this fault is clearly expressed by a contact between
the Nubia Formation on the east and Quaternary alluvium
on the west. (4) The Khour El-Ramla fault: this fault is
another segment trending north–south, of 36 km length, and
its northernmost part is located about 17 km southwest of
the Aswan High Dam. The west face of this fault exhibits scarp
in front of the Nubian plain with a left-lateral slip mechanism
of displacement. (5) The Gazal Fault: it is also a north–south
trending structure located south of the Kalabsha fault. It ex-
tends for about 35 km and has been inferred to as a left-slip
fault. Direction of its down throw is toward the east. The
amount of down throw increases toward the south (Issawi,
1978). Along this fault, minor folds are locally well developed.
(6) The Abu-Dirwa fault: it is trending in the north–south
direction and is located a few kilometers east of the Gaszal
fault. It has a length of 15 km and has been inferred to as a
left-lateral slip fault (Issawi, 1978).Figure 6 Rose diagrams of Landsat ETM+ lineaments.
Figure 7 Bouguer gravity anomaly map, Kalabsha area, Egypt.3. Data used
Spatial integration of various data sets such as geological map
at 1:250,000 scale (EGPC; CONOCO, 1978), Landsat ETM+
images at 1:50,000 scale (date – 2000) and an aeromagnetic
map covering a part of the study area at 1:50,000 scale
(Aeroservice, 1984) and ground detailed gravity map atFigure 8 Total intensity magnetic map, reduced to the North
magnetic pole, Kalabsha area, Egypt.
Figure 9 A typical interpretation of the energy (power) spectrum
of gravity data with the average depths to the deep and shallow
surface sources.
Surface and subsurface structures 471:50,000 scale (NRIAG, 1987) form the basic inputs of this
work.
The aeromagnetic data were carried out by the Aeroservice
Division, Western Geophysical Company of America in 1984.
The survey was conducted along parallel ﬂight lines that were
oriented in a NE–SW direction at 1 km spacing, while the tie
lines were ﬂown in NW–SE direction at 10 km intervals. TheFigure 10 A typical interpretation of the energy (power)
spectrum of magnetic data with the average depths to the deep
and shallow surface sources.
Figure 11 Regional gravity component map, Kalabsha area,
Egypt.Bouguer gravity data were carried out by the National
Research Institute of Astronomy and Geophysics (NRIAG)
through a program for a detailed gravity survey of the area
southwest of the High Dam region. It has begun in 1986.
The gravity survey of the Kalabsha and Seiyal areas was ﬁn-
ished in 1988 and 1989, respectively (Tealeb et al., 1991).
4. Processing of the remote sensing data
The Landsat ETM+ mosaic of scenes (Path/row: 174/43, 174/
44, 175/43 and 175/44) acquired on 6-11-2000 in the form of
digital data as well as color composite (bands 1, 2 and 3 in
RGB) has been interpreted in terms of surface structure
(Fig. 4) and lithologic. Moreover, lithology, geological linea-
ments and other features have been interpreted from the de-
rived images ‘‘Principal component of Landsat ETM+’’
(Fig. 3) and a geological map have been prepared (Fig. 5).
Lithological interpretation was identiﬁed from the analysis
and interpretation of Landsat ETM+ data using envi image
processing system software.
The spatial data analyses of the lineaments and lithology
maps derived from Landsat ETM+ data revealed the presence
of a workable mineralization zone along Kalabsha bay (E–W)
that related to the recent stream sediments of heavy minerals
that also have highly magnetic response in magnetic maps.
The statistical analysis of the extracted structural lineaments
allowed constructing of the rose diagrams presented in
Fig. 6. Lineaments are oriented mostly in E–W and N–S to
NNW–SSE.Figure 12 Regional magnetic component map, Kalabsha area,
Egypt.
Figure 14 Residual magnetic component map, Kalabsha area,
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Aeromagnetic and ground gravity data have been processed
using Geosoft mapping and processing system (Geosoft Inc.,
1999) to process the Potential Field data of the study area. De-
tailed, good-quality aeromagnetic data are available from
Aeroservice (1984). The sedimentary cover is generally consid-
ered to be almost non-magnetic, and the anomalies are sourced
from the crystalline basement. Local intra-sedimentary anom-
aly sources may be related to depositional concentrations of
magnetic minerals in some clastic rocks, or to secondary
magnetization of sedimentary rocks due to lake sediments.
Bouguer gravity values decline gradually to the north. Because
the depth to magnetic sources increases with basement depth,
the shortest-wavelength magnetic anomalies are found in
eastern side where the basement is shallow or zero depth.
The Potential Field data were transformed to the wave-
number domain. Reduction to the north magnetic pole was
performed at the ﬁrst stage of processing of aeromagnetic data.
The second step is to isolate both the RTP (Fig. 7) and the
Bouguer gravity (Fig. 8) using the band-pass ﬁlter into deep re-
gional and shallow residual components. Regional-local sepa-
ration was achieved by band-pass wavelength ﬁltering after
deﬁning the cut-off wavelengths from energy power spectrum
curve (Figs. 9 and 10). To highlight local anomalies, the regio-
nal component of the gravity (Fig. 11) or the magnetic anom-
aly (Fig. 12) ﬁeld was subtracted from the data, generating the
residual maps of the gravity (Fig. 13) or the magnetic anomaly
ﬁeld (Fig. 14). The residual maps exhibit the local anomalies
which reﬂect the near-surface structures, while the regionalFigure 13 Residual gravity component map, Kalabsha area,
Egypt.
Egypt.maps reﬂect the broad anomalies related to the deep-seated
changes in the structures of the basement rocks.
Second vertical derivative maps (Figs. 15 and 16) for regio-
nal components of RTP and gravity were carried out. It helps
to highlight the details, discontinuities and breaks in anomaly
texture. It succeeded to delineate the contacts of lithologies
with contrasting magnetization (Fig. 15) and/or densities
(Fig. 16). It has negative (downthrown) parts and positive (up-
thrown) parts. The zero line succeeded to also delineate care-
fully faulted structures.
Other treatments of Potential Field data include upward
continuation, by which different observation levels can be sim-
ulated, and computation of vertical or horizontal derivatives,
which may emphasise structural trends in the data. The
large-scale regional anomaly pattern is revealed by upward
continuation. Upward continuation uses wavelength ﬁltering
to simulate the appearance of Potential-Field maps if the data
were recorded at a higher altitude. Short-wavelength anoma-
lies are suppressed preferentially. Upward continuation is intu-
itive. Best results were obtained with upward continuation of
1.5 km for both gravity (Fig. 17) and magnetic (Fig. 18) data.
Shadowgrams technique reveals variations in the dominant
anomaly wavelengths and trends between regions (Figs. 19 and
20). This procedure treats a Potential-Field map as a relief, and
computes the shadow pattern that would be created if this re-
lief was illuminated by the sun from a user-speciﬁed angle.
Subtle, local and short-wavelength anomalies are emphasized.
Sidelighting (non-vertical illumination) acts as a directional ﬁl-
ter. Sidelighting enhances anomalies non-parallel to the ‘‘sun’’
Figure 15 SVD of regional gravity component map, Kalabsha
area, Egypt.
Figure 16 SVD of regional magnetic component map, Kalabsha
area, Egypt.
Surface and subsurface structures 49azimuth, and many shadowgrams with various sun angles were
needed to reveal variously oriented anomalies.
Euler deconvolution was used as automatic depth estima-
tion technique for delineating subsurface geological contacts.
It was carried out on the study area using Geosoft, with struc-
tural indices (SI) given by Reid et al. (1990). The Eular plots
using SI of 0.5 in Fig. 21 clearly deﬁne the solution for depths,
which is more than 1500 m. This map indicated that, the min-
imum calculated depth to the basement surface is 150 m to the
northeast side, while the maximum one, more than 1500 m, is
found at the southeast side.
6. Interpretation of the potential ﬁeld data
Basement tectonic map
The regional tectonic framework of the studied area (Fig. 22)
was established using the integration of all the results of inter-
pretation of the aeromagnetic and gravity analyses. Visual
inspection of the Potential Field data, with the regional
(deep-seated) and residual (near-surface) components maps,
in addition to the shadowgrams of Bouguer and regional grav-
ity data indicated that the most dominant trend in the area is
of NNW–SSE to N–S dissected by the second dominant trend
in the WNW–ESE to E–W direction.
The regional gravity map is characterized by a group of po-
sitive and negative anomalies of different intensities and al-
most E–W and N–S orientation. The strongest positive
gravity anomaly lies at the NW corner of the study area andis separated from the juxtaposed negative gravity anomaly
by a very steep gradient. This steep gradient is of NNW trend
and could be interpreted to be a normal fault down-throwing
to the east (F1–F10). Moreover, the location of this NW–SE
normal fault is associated with a lithological boundary be-
tween the limestone of Sin El-Kaddab plateau to the west
and the outcropping Nubia Sandstone to the east. This litho-
logical variation on both sides of the fault as well as the mag-
nitude of fault throw being upthrown to the west is behind the
strong difference in the intensity of both positive and negative
gravity on both sides of the fault.
Meanwhile this fault (F1–F10) can be traced on the regio-
nal magnetic map between a group of strong positive mag-
netic anomalies to its west and a group of less intensity
magnetic positive anomalies to its east. The fault (F2–F20)
is mainly mapped from the regional magnetic map (Fig. 12),
since it is expressed more in the regional magnetic map
(Fig. 12) rather than the regional gravity map (Fig. 11). The
fault (F2–F20) separates between two groups of positive
magnetic anomalies but of different intensities. The group
of the highest magnetic intensity is located to the western side
of the fault, while the less positive intensity anomalies are
located to its east.
The positive magnetic intensity anomalies are associated
with a group of positive gravity anomalies. These anomalies
are believed to be associated with the lake sediments which
are characterized by high magnetic mineral contents. It is
worth mentioning that both faults (F1–F10) and (F2–F20) are
parallel faults and both have magnetic and gravity support.
Figure 17 Upward continuation (1500 m) for gravity data.
Figure 18 Upward continuation (1500 m) for magnetic data.
Figure 19 Shadowgrams of regional gravity data (30 sun angle).
Figure 20 Shadowgrams of Bouguer gravity data (30 sun angle).
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Figure 21 The Eular solution map, Kalabsha area, Egypt.
Figure 22 The interpreted basement tectonic map, Kalabsha
area, Egypt.
Figure 23 The tectonic model of Kalabsha area, Egypt.
Surface and subsurface structures 51The fault (F3–F30) is of different orientation than the previ-
ous two faults (F1–F10) and (F2–F20). It is characterized by a
N–S trend which is more evident from the regional gravity
map (Fig. 11), where it separates between two groups of posi-
tive anomalies of different intensities and orientation.
The fault (F4–F40) lies at the extreme northern boundary of
the study area. It is mapped mainly from the regional gravity
map (Fig. 11), where it separates between two strong positive
and negative gravity anomalies. This fault is of an E–W orien-
tation and is likely down-throwing to the south. It may be
interpreted to represent part of the Sin El-Kaddab plateau as
(F2–F20). The surface geological map shows another group
of faults. One of these faults is the Kalabsha fault, which is
characterized by a horizontal strike slip motion of right lateral
orientation.
7. Conclusions
The geological and surface structural map of Kalabsha area
prepared from Landsat ETM+ data has been integrated with
subsurface structural as deduced from gravity magnetic anom-
alies data. An attempt has been made to analyse the complex
nature of gravity and magnetic anomalies over the Kalabsha
area to reveal their relationship with surface geology, structure
and tectonics setting. There is close correlation between grav-
ity, magnetic and many of the major geological features of the
region.
Analysis and interpretations of gravity and magnetic data
have revealed a greater understanding of the tectonic pattern
of the study area. The regional tectonic framework of the stud-
ied area was established using integration of all the results of
interpretation of the aeromagnetic and gravity analyses. The
interpretation of the basement tectonic map of the area indi-
cated the presence of two sets of faults NNE–SSW to N–S
which are dissected by an E–W to WNW–ESE fault system.
These two sets of fault systems as deduced from the gravity
and aeromagnetic data were found to match well with that ob-
tained from the Landsat image and geological map.
The interpreted basement tectonic map of the area shows
that the seismo-active zone (west of G. Marawa) is related to
a highly tectonic area characterized by the intersection of sev-
eral faults trending E–W and N–S.
The tectonic model of the area as a part of NE Africa is
shown in (Fig. 23). The model indicates that the suggested
main principal stress is oriented N135E resulting in primary
52 A.A. Khamies, M.M. El-Tarrasshear fractures trending N100E (almost E–W) as well as sec-
ondary shears trending N10W (almost N–S). This stress had
originated mainly due to the opening of the Atlantic Ocean
during late Cretaceous to Paleocene (Meshref, 1990).Acknowledgement
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